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ABSTRACT 
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A method and apparams for forming microarrays of biologi- 
cal samples on a support are disclosed. The method involves 
dispensing a known volume of a reagent at each selected 
array position, by upping a capillar)* dispenser on the 
support under conditions effective to draw a defined volume 
of liquid onto the support. The apparatus is designed to 
produce a miaoarray of such regions in an automated 
fashioj. 
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METHODS FOR FABRICATING porous oeoibnoe. One amy iodudes pins that irc designed 

MICROARRAYS OF BIOLXKSICAL SAMPLES lo $pcM i membnoc io « siiggcred fisfaioo. for creaiiog u 

my of 9216 ^>ots io t 22x22 cm am (Lchrtcb, ci aL, 
CROSS-REFERENCE TO RELATED 1990). A IxmiuiiGO with this approach is that the v hime f 

APPUOOION 5 DNA spoucd io each pixel of each array is highly variable. 

lo addition, the ouobcr of anays thai cao be loade with each 
Tbs applicatioo b a oootimiation*iD-pan of \JS. patcot dipping is tuoully quite vnall. 
ipplicatioo Ser. No. 06/261388, filed Juo. 17, 1994. and Ao alteroate loetbod of creating ordered arrays of oudeic 
oow abaodooed. add sequeooes is described by Pinung, ei al. (1992), aod 

Tht United Sutes government may hive certain rights in »i» t>y F«*of. et al. (1991). The method iovolves syothe- 
the mu«ni iDvcoiioD puKuani lo Gr>m No. HG0CW50 wang diffcrem nucleic acid sequences at different discrete 
awarded by the National Institutes of Health. «^ » »"PP^L 1^ ocibocl employe clabcr.ie %yo^ 

V/ schemes, and is generally hmttcd to relatively short 

FIELD OF THE INVENTION ^^^^ ^ sample, e.g., less than 20 bases. A related 

method has beco descrfi>ed by Southern, ct al. (1992). 
Tte ioveouon relates lo a method and apparatus for « Khrapko, ei al. (1991) describes a method of making an 
f^bricating microairays of biological samples for large scale oligonucleotide maoix by spotting DNA onto a thin layer of 
saeening assays, such as arrays of DNA samples to be ttsed polyacrvlamide. The spotting is done manually wiih a 
in DNA b>-bridi2aiioo asuys for genetic research aod diag- microp^tte. 

nustiL* applioiuons. ^ jjonc of the methods or devices described in the prior an 

are designed for mass fabrication of microarrays character- 
RtFtKENCES ^, ^ number of micro-sized asuy regions 

Abouzied, el aL, Journal ofAOAC Imemational 77(2) separated by a disunce of 50-200 microns or »es.v and (ii) 
*495-S00 (1994) * well-detined amount, typically in the picomole range, of 

* Bohlander, et al.. Gcfumia 13:1322-1324 (1992). 25 ^ ^ ^Poti erf the array, 

rv . 1 c-.-./^'JAA.iAiQ.iAO Moov FuitbermoTe, cuneui icchnologv IS directed at performing 

Drmanac. et aU5aencc 260:1649-1652 1993). one at a lime u, - single anay of DNA mul- 

Fodor, el al., 5ciencr 251:767-773 (1991). ^^^1^^^ cxanjple. the most oonuson OKtbod for perform- 

Khrapko, et al., DNA Sequence 1:375-388 (1991). isg DNA hybridizations to arrays spotted onto porous mem- 

Kuriyama, el al, AN ISFET BIOSENSOR, APPUED x involves sealing the membrue io a plutic bag 

BIOSENSORS (Dooald Wise, Ed.), Buiierwonhs, pp. * (Maniaias. el al., 1989) or a rotating glass cylinder (Robbins 
93-114 (1989). Sdeotific) with the labeled hybridization probe inside tbe 

Uhrich, ci tUHYBRIDIZATJON FINGERPRINTING IN chamber. For arrays made on nochporous surfaces, 

GENOME MAPPING AND SEQUENCING. GENOME » T^^^^ "^'^^ ''^"^ ''^ .iKruluied w.ththc 

AMU>Sr5,VOLl(DaviesaodTilgham,Eds.).ColdSpring 35 libeled hybridiztuon probe scaled under a «versk^^ 

u J * • , *Qoi /ioon\ techniques require a separate sealed chamber for each array 

Harbor Press, pp. ^^^^ which makes tbe screening and handling of many sucb 

J:^vlTmlAf'Si^^^^ inconvenient and time intensive. 

TORY MANUAL. Cold Spring Hartor ^ ^l^^)' Abouzied. et al. (1994) describes a method of printing 

Nelson, et al, Namre Genetics 4:11-18 (1993). ^ horizonial lines of antibodies on a nitroceUulose membrane 

Piming, et aL, U.S. Pat. No. 5,143 JB54 (1992). tod separating regions of the membrane with vertical stripes 

Riles, et al, Generia 134:81-150 (1993). of a hydrophobic material. Each vertical stripe is then 

Schena, M. et al., Proc, Nat, Acad. Set. USA reacted with a different antigen and the reaction between tbe 
89-3894-3898 (1992) immobilized antibody and an aoiigeo is deiecud using a 

Southern, et al. Genomics 13:1008-1017 (1992). »uniUal EUSA calJnmelric technique, Abuuji«r. lech- 

*^ • ^ ^ ' oiquc makes ii possible to screen many onc-dmicnsional 

BACKGROUND OF THE INVENTION ""T* simuUaocously on a single sheet of nitroceUulose. 

Abouzied makes tbe nitrocellulose somewhat b>xirophobic 
A variety of methods are current))' available for making using a line drawn with PAP Pen (Research Products 
arrays of biok)gical macromolecules, such as arrays of interoationsl). However, Abouzied does not describe a lech- 
oudetc acid molecules or proteins. Ooe method for makiog oology that is capable of completely sealing tbe pores of tbe 
ordered arrays of UNA oo a porxsus membrane is a ''dot blot" nitrooellulnKc. The porei^of the nitmccltulnw arc Mill phvfti. 
approach. In this method, a vacuum manifold tranters a cally open aod so the assay reagents can leak through tbe 
pJuraliiy, eg, 96, aqueous samples, of ON A from 3 mill i- hydrophobic barrier during extended high temperature iocu- 
meter diameter wells to a porous membrane. A common baiioos or io the preseoce of detergents, wbicb makes tbe 
variant of this procedure is a ^'stot-blot" method in which the Abouzied technique unacceptable for DNA hybridization 
wells hive hi(^y-elongalal oval shapeat. assays. 

Tbe DNA is immobilized on the porous membrane by Porous membranes with printed patterns of hydropbilic/ 
baking the membrane or exposing ii to UV radiatiuo. This is hydrophobic regions exist for applications such as ordered 
a manual procedure practical for making one array at a time 6U arrays of bacteria colonies. OA Life Sciences (San Diego 
aod usually limited to 96 samples per array. "Dot-bloC* Calif.) makes such a membraoe with a grid paiiero prioied 
procedures are therefore ioadeiquate f r applicatnos io oo it However, this membrane has the same disadvantage as 
which many thousand samples must be determined. the Ahnurjed technique since reagenu can .^ill flow (between 

A more efficient technique employed for making ordered ibc griddcd ana>-s making ihcm unusable for separate DNA 
arrays of genomic fragments uses an array of pins dipped 65 hybridization assays. 

into the welh, e.g., tbe 96 wells f a miaotiire plaie, for PaU Corporatioo make a 96-u'ell plate with a porous filter 
traiBferriog ao amy of samples to a substrate, such as a best sealed to tbe bottom of the plate. These plates are 
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capable of cooiaioing diffeitoi rcageots id eacb wcD without pUoe tbt dispeoaog device at a loading station, (ii) oxyve tbe 

cTDs&'ConumiDitioo. However, eacb well is ioteoded to bold capillary cbanoel io tbe device ioio a selected reagent at tbe 

only one taigct clcmcttt whereas tbe iovcntion described bading sutioo. to load tbe dispeosiag device with the 

here makes a microarny of many biomolecules in each icagcnu and (iii) di^nsc the reagent at a defined array 

subdivided region of tbe solid support. Furtbennore. the 96 s pcaiion on each of the supporu oo said holder. Tbe unit mav 

well pUies are at kast 1 cm thick and prevent the use of the ft,^ „^ „ the end of a dispensing cvdc. to w.sh tb^ 

device for many calor,rneir.c, fliinfc«eni and ^>»ctive dispensing dex-ice by (i) placing tbe dispel^ devia at a 

deiecnon formats which require that ibe membrane be flat • capaurTSanDel io tbe 

agamst the deteaion surface. The mvcnuon d«=n^»«« devia Lo i wii fluid, to toad tbe dispe«ing device with 

requires 00 turtber processing after tbe assay step since the ,^ « . , . ^ ■ , ^ 

b^ers elements Je shallow and do oot inJerf« with tbe " ^ " i^ij^^T^'T tJI'^i^""*^^'^' ^"^"^ 

dccciiun step, thereby gnuUy inc««dng convcnicno:. ibe dispensing device with a fresh selected rwgenL 

Hy*eq Qirporation has dc^ribcd a metbuci uT making an J^f. ^^^^ « the apparatus m.y be one of a 

^anayof arraVs" oo a non-poious solid support for use tith j!""^^ « °° *™ f« 

their sequen^g by bybridization technique. The method „ different analyte assay reagenu at selected 

described bv Hyseq involves modifying the cbemisinr of the ""^ posiuons. 

solid support material to form a hydrophobic grid'pstiem *««^' ^ mvcntioo includes a substrate with 

where eacb subdivided regxin contains a microarray of » having a microanay of at least 1(P distinct poly- 

biomolecules. Hyseq *s flat hydrophobic panem does not nucleoside or polypeptide Copolymers u a surface area of 

make u5e of physical blocking as an additional means of - ^ 1 fi'viiiotA biopolymcr (i) is 

preventing cross conumination. disposed at a s^ntc. defined posiuon io said airay, (ii) has 

QTIMMAOY OF TWP TNVFVTION t L"^ of St least 50 subuoits, aod (iii) is present in a 

SUMMARY OF THE INVENTION defined amount between about 0.1 femtomoles and 100 

The invention iocludes, in one aspea, a method of form- naoomoks. 
ing a microanay of analyte-assay regions on a solid support. In one embodiment, the icurface is gla.^ slide surface 
where each region in the anay has a known amount of a ^ coated with a polycationic polymer, such as polylysine, and 
selected, analyte^pcdficreagem. Tbe method invoK-csfim the biopolymers are polynucleotides. In another 
loading a solution of a seleaed analyte-specific reagent in a embodiment, the substrate his i witer-impermeible 
reagent-dispensing device having an elongate capillary backing, a water-permeable film formed on tbe backing, and 
channel (i) formed by spaced-apan, coextensive elongate a grid formed oo the film. The grid is composed of inter- 
members, (ii) athpted tu bokJ a quantity of the reagent ^ secting wmur-impervious grid elements extending from said 
solution and (iii) having a region at uticb aqueous backing \d positions raised above tbe surface of said film, 
solution in the d)annel forms a meniscus. Tbe channel is aixS partitions the film into a plur^ty of water-impervious 
preferabl)' formed by a pair of spaced-apan upered elc- cells. A biopolymer array is formed within eacb well. 

« More general))', there is provided a substrate for use in 

The tip of tbe dispensing device is Upped against a solid * detecting binding of labeled polynucleotides to one or more 

support at a defined position on tbe support surface with an of a phiraliiy differeot-scqucnce, immobiliied polynude- 

impulse effeaive to break the meniscus in the capillary oiides. The substrate includes, in ooe aspect, a glass support, 

channel, and deposit a .vleaed volume of solution on the a coating of a polycationic polymer, such as polylysine, oo 

surface, preferably a seleaed volume in the range 0.01 to ^ said surface of the .luppori, and an array of distinct p^»Jy. 

100 nl. The two steps are repeated until the desired array is nucleotides electrostatically bound noo-covalenUy to said 

formed. coating, where eacb distina biopolymer is disposed at a 

The methuil may be practiced in funning a plurality uf separate, deiioed pusitiuo in a surface array of pulynuclc- 

such arrays, where tbe solution-depositing step is applied to otides. 

a selected position on each of a plurality of solid supports at in anoiber aspect, the substrate includes a water- 
each repeat cycle. impermeable backing, a water-permeable film formed on the 

The dispensing device may be ksaded with a new sohition, badcing, and a grid formed on the film, where the grid is 

by tbe steps of (i) dipping the capillary channel of the device composed of intersecting water- impervious grid elcmcnLs 

io a wash sohition, (iO removing wash solution drawn into extending from the backing to positions raised above the 

tbe capiUary channel, and (iii) dipping the capiUary channel ^ surface of tbe film, forming a pluralir>* of cells. A biopolymer 

into the new reagent sohition. array is formed within each cell. 

ALv> included in the invention is an automated apparams Also forming pan of the invention is a method of detect- 

for forxning a microarray of analyte-assiy regions on a ing differential expression of each of a plurality of genes in 

plurahty of solid supports, where eacb region in the array a tot ceU type, with respect to expression of tbe same geoes 

has a known amount of a selected, analyte-specific reagent. 35 in a second ceU type. In practicing tbe method, there is first 

Tbe apparatus has a bolder for holding, at known positions, pnxtuccd flmmsicxnt-labeletl cDNAs frum mRNAsi isiuUied 

a plurality of planar supports, and a reagent dispensing from the two celk types, where the cDNAs from the first and 

device of the type desoibed above. second cell types are labeled with first and second different 

The apparatus further includes a positioning stnicmre for fluorescent reporters, 

positioning the dispensing device at a seleaed array position 6U A mixwre of tbe labeled cDNAs from tbe two ccU types 

with respect to a support in said bolder, and a dispensing is added to ao array of polynucleoudcs representing a 

stnicmre ' for moving the disusing device into upping plurality of known genes derived from the two cell types, 

engagement againKt a wppon with a selected impulse effec- under cooditions that result in h>'bridizaiion of the cDNAs to 

live to deposit a selected volume on tbe support. c.g, a complemeoury-sequencc polynucleotides in tbe array. Tbe 

selected volume in the volume range 0.01 to 100 nL « array is then examined by fluorescence under fluorescence 

The positioning and di^ensing stmctures are controlled excitation conditions in which (i) polynucleotides in the 

by a cootrol unit in the apparatus. Tbe unit operates to (i) amy that are hybridized predominanUy to cDNAs derived 
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fram ooe of (be fitsi r seoood cell types give a disiisct fim UbTAlLEU UESCKIKIIUN OK rtik, 

or second fluoiesceoee emission oolot, le^eaivcly, and (ii) INVENTION 

poWoudeotides in tbt airay thai aic b)tfidJzed to substao- j Uggniiiuai 

"•^J'^n'^ZS^iv^fJI^^^SSSoS^ i Unk.sindia,edo.ben^..be.ennsdefinedbelowh.ve 

second eeU types give a disunet coobioed fluorescenee s foDtwrins meaniiss: 

emissioD color, lespeeiively. Tbt itlaove e]q>ressiaB of ' , u. , . ^ ... ^ 

known senes in the ivw) cell types can then be deienniaed by '««««'» "f » ••gand/.ni.-ligand 

tbe observed fluoiescew* emission csior of eaeii spot binding pa. Tbt hgaad may be. for example, ooe of the 

Tl,ese and other objects and features of the ioventioo wQl ""^f ^^k"^- * " •* «=P»«»««»«y. hybridized nudeie 

be^more fuUv apparent when the f6Uo»)ng detailed K »oddDptexb«dmg pair, an efator molecule u. an effeaor/ 

5^..: or the invS;!..„ ^ re-l in „^unui..n' with the r^SlSSS^frT^^rbS^p^ "'^'"^^^ 

Tl,c file of t^.icm coouiDS .t least one drtwiag "^^'^ opposite member of * Ugnnd/ 

ioe Die oi lou p«»Bi wu*«*» » wu» %Mm uijt anii-ltttnd bindinc piir. The MD-iicand m«v be ihc other of 

executed is color. Copies of this patent with color Aawmg ™ towuib p«r. joc «bu ugua imj oc inc omer oi 

(s) wfll be provided by the Paum aod Trademark Ofto « ^ i u^^H? * ^yhndr/xd 

is; wiu DC , »-~«nr f«L »°** biodiDg paiT. thc rcccptor molecule m ao 

upoo request u>d payment of tbe oeccssary fee. effectcr/recepiof binding pair, or an antibody or anu^body 

BRlHh* DtSCRJKnON OF THE OKAWINUS fragment molecule in amigen/antibody or antigen/anu*body 

. ^ . fragment binding pair, rerocctively. 

FIG 1 is a side view of a reaeest-dispeosing device T. « . ^ . i i . j> 

h.vS a opeD^pillar>- dispensing tad co«im«ed for use ^' .^nalyie or -analyie moleade- refers to a molecule. 

S«e eXiiment of tbr^iL; ""^^1 mwromolecule. such as a Polynucleoude or 

"™ L J ■■ r £ -J polypeptide. Whose presence, amount, and^or Identity ait 10 

RGS. 2A-2r niustraie step* .n he OeLveiy oi a nxeo- ^ to^jned. The an.lvic is tme mcmhcr of n lii;and/anii- 

volume bead on a hydrophobic surface employing the dis- ]mB4 pair 

nentine bead from FIG. 1, in accordance with one embodi- -< ^ , * -c ... r 

me^^f Uie method of the invention; " J^^^'T^^ T^,"?"' "''f " '° ! '^^l' 

mcol u* 1*11^ .... - effective to bind speafically to an analyte molecule, ibe 

FIG. 3 shows a portion of a two^ensional amy of ^ ^ ^ ^^^^ ^ ligand/anli-ligand 

analyie-assay regions constructed according to the method binding pir. » 

of the xDventioo; ... , An "amy of ruziuns un a liulid Kuppurt** is a liocar or 

RG, 4 is « pUny ^cw showmg components of an k ,wo^cnsional array of preferably disoreic regions, each 

automated apparatus for formmg arrays m accordance ^ith ^ ^ ^ ^ ^^^^ 

the invention. ^ '^cioarra/' is an amy of regions having a density of 

RG. 5 shows a fluoresceni image of an aaual 20x20 array ^egioGS of at least about 100/cm=, and preferably at 

of 400 fluoresctoUy-labdedDKA samples immobnacd on .^out lOOa'cm"-. The regions in a micioamy have 

a poly-l-lysine coated slide, whcrt the total area covered by 3S ,ypictl dimeosioiB. e.g., diameters, in the range of between 

tbe 400 element amy is 16 square millimeters; ^^250 /um. and are separated from other regions in 

RG. 6 is i fluorescent image of a 1^ cmxl^ cm the amy by about the .^ame dcoancc. 

microamy containing lambda clones with yeast inscru. the ^ jj„pj„rt surface » -hydmphobic'* if a aqucnuvmedium 

fluorescent signal arumg from the hybridization to tbe amy ^^i^^ ipplied to the surface does not spread out subsiao- 

wiih approximately half the yeast genome Ubeled with a liaUv beyond the area size of the applied droplet That is, the 

green fluoropbore and the other half with a red fluoropbore; sur&ce acts to prevent spreading of tbe droplet appUed to the 

RG. 7 shows tbe translanoo of tbe hybridization image of surface by hydrophobic interaction with tbe droplet 

RG. 6 into a karyotype of tbe yeast genome, where the ^ "meniscus" means a concave or convex surface that 

elements of FIG. 6 microamy contain yeast DNAscquenccs forms on the bottom of a liquid in a channel as a result of tbe 

that have been previous!}' physicall>' mapped in the yeast ^ surface tension of tbe bquid. 

genome; -Ditiioct biopolymcrs", as applied lo the biopolymers 

RG. 8 shows a fluorescent image of a 0^ cm>c0.5 cm forming a microanay, means ao amy member which is 

midUBiTiy of 24 cDNA clones, where the microamy was distinct from other amy members on the basis of a different 

hybridized simuluncously with total cDNA from wfld type ^ biopolymcr sequence, and/or different coocenirations of the 

Arabidopsis plant Ubeled with a green fluorophorc and total „me or distinct hinpnlymcr\, and'or different mixtures of 

cDNA from a transgenic Arabidopsis plant labeled with a disiiocl or diffcrcnt-conccniraiion biopolymers. Thus an 

red fluoropbore, and the arrow points to tbe cDNA clone ^^xty of "disiinci polynucleotides" means an array 

representing tbe gene introduced into the transgenic Arabi- containing, as iu members, (i) distinct polynudeoiides, 

dopsis plant; which may have a defloed amount in each member, (ii) 

RG. 9 shows a plan view of substrate having an amy of different, graded concentrations of giveo-sequence 

cells furmeil by barrier elcmeais in Ibe £urm of a grid; polynucleotides, and/or (iii) different-composition mixtures 

RG. 10 shows an enlarged pUn view of one of tbe cells of two or more distioa polynucleotides, 

io the substrate in FIG. 9, showing an anay of potynucle- **CcU type** means a oeD from a given source, e.g.. a 

otide regions in the cell; tissue, or organ, or a cell in a given sute of differentiation. 

HG. 11 is an enlarged sectional view of the substrate in or a cell associated with a given pathology or genetic 

RG. 9, taken along a sectksn line in that figure; and makeup. 

RG. 12 is a scanned image of a 3 cmx3 cm nitrocellulose H. Method nf Micmarray Forma tinn 

solid support coouining four identical amys f M13 clones This section describes a method of forming a microarray 

in each of four quadrants, where each quadrant was bybrid* 65 of aoalytc*assay regions on a solid support or substrate, 

zzed simultaneously to a different oligonucleotide using an where each region in tbe array has a known amount of a 

open face hybridization method. selected, analyie-^>edfic reagent. 
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HG. 1 illustrates, in a partially schematic view, a reagent- and away from tbe substrate surface, maktng momeotary 

dispeosing device 10 useful in practicing tbe method. Tbe coouct wiib tbe surface, in effect, uppiqg tbe tip f tbe 

device generally indudes a reagent dispenser 12 having an dispeoser against the suppon surface. Tbe upptng move- 

elongate open capillao' chanisl 14 adapted to bold a quan- tncnt of the tip against the surface acts to btcak tbe liquid 

tity of tbe reagefli solution, sttcb as indicated at 16, u will 5 tDcniscus in tbe tip cbanoeL bringing tbe liquid in tbe tip inu> 

be' described below. Tbe capillao* cbaooel is formed by a comact untb tbe support surface. This, in turn, produces a 

pair of spaccd-apart, coextensive, elongate members 12a. flowing of the hquid into tbe capillary ^ace between the tip 

126 which are upcrcd toward one another and converge at and tbe surface, acting to draw liquid out of the dxspetser 

a tip or tip region 18 ai tbe lowtr cod of the channel. More channel, as seen in FIG. 2B. 

gencnUy, tbe open dwnnel is formed by at least two lo FIG. 2C shows flew of fluid from the tip onto the support 

elongate, spaced-ipan members adapted to hold a quantity Rirftcc, which in this case is a hydrophobic surface Tbe 

of reagent solutions and having i up region at wbicb ggu^ iUustrates that liquid cootinues to flow from tbe 

aquecHiK siiluiion in the channel rnrrasa "jw^nwuis, Mich as dimmer onto tbe support surface until it forms a liquid 

the conc«%-e meniscus iUustnted at 20 m FIG. 2A. Tbe bead 32, At a given bead size, ix, volume, the tendeoc%- of 

advantages oflbe open channel construction of the dispenser is liquid ^ flow onto the surface will be balanced by the 

are discussed below. hydrophobic surface imeraoion of the bead with tbe support 

\tfi)h continued reference to FIG. 1, tbe dispenser device surface, which acts to limit the total bead area on tbe surface, 

also iochides structure for moving tbe dispenser rapidly and by the surface tensioo of the droplet, which tends toward 

toward and away from a suppon surface, for efleoing a given bead cun*aturc. At this point, a givxn bead volume 

deposition of a known amount of solution in tbe dispenser on 2C will have fortxKd, and continued cooua of tbe dispeoser tip 

a support, as will be described below with reference to FIGS. with the bead, u the dispeoser tip is being withdrawn, will 

2A-2C. In the embodiment shown, this smicmrc includes a have little or no effect on bead volume, 

solenoid 22 which is actj%'aubk to draw a sokooid piston 24 por liquid^peosing on a more hydrophilic surface the 

rapidly downwardly, then release the piston, c.g., under liquid win have lea of a tendency to bead, and the dispeiised 

spring bias, to a normal, raised posiuon, as shown. Tbe « wiU be more sensitive to the total dweU timeof the 

dispenser is earned on the pttton by a com)ecting member dispenser tip in the immediate vicinit>' of the support 

26, as shown. The just-described movug structure b also ^^^^ ^ iUustratcd in RGS. 2B and 2C. 

referred u. herein d,spc»«,ng mcarn. r..r mcn-mg the TTic de«red dcpasitioo volume, i.e., bead volume, furmed 

disperjsermto engagement w^^^^^ by this method is^rcferably in tL ra^ge 2 pi (pico ite^^ 

mg a known volume of fluul on the support. » jri (nanoliters), although volumes as high aS 

ibe di!^nsing device just described is earned on an arm ^.y be dispensed. It uill be aixneciated that the seleaed 

2S that may be moved either Imearly or in an x-y plane to dispensed volume will depend on (0 the -footprint* of the 

position the dispenser at a selected deposition posiuoo, as dispenser t^, Le. the size of the area spanned by the tip, (ii) 

wiD be described. hydrophobidty of tbe support surface, and (iii) tbe time 

FIGS. 2A-2C illustrate the method of depositing a known of onntsct with and rate of withdnwat of the tip from the 

amount of reagent sohittoo in the just-described dispenser on suppon surface. In addition, bead sis may be reduced by 

the surface of a solid support, such as tbe suppon indicated increasing the viscosity of the medium, effectively reducing 

at 30. Tbe support is a pobmer, glass, or other solid*material the flow time of liquid from the rf^^^w onto tbe suppon 

suppon having a surface indicated at 31. ^ surface. The drop size may be further constrained by depos- 

In one general embodiment, the surface is a relatively iting the drop in a hydrophilic region sunounded by a 

hydrophilic, i.e., wetuble surface, such as a surface having hydrophobic grid pattern on the suppon surface, 

native, bound or eov«lcnily atucbed charged gruupk. One lo a typical embodiment, the dispenser tip is tapped 

such surface described below is a glass surface having an npitlly against the suppun Mirfacc, with a total re«t1ence 

absorbed layer of a polycatiomc polymer, such as poly-1- umc in contact with the support of less than about 1 msec, 

lysioc. aod a rate of upward travel from the surface of about 10 

In another embodiment, the surface has or is formed to cm/sec. 

have a relatKxIy hydrnphnliic character. Ix^ one that causes Assuming that tbe bead that forms on conuct with tbe 

aqueous medium deposited on the wrfacc to bead. A variety surface is a hemispherical liead. with a diameter approxi- 

of known hydrophobic pol>TDers, such as polystyrene, 5^, maicly equal to the width of die di^nscr tip, as shown in 

polypropylene, or polyethylene have desired hydrophobic HG. 2C, the volume of the bead formed in reUtioo to 

properties, as do glass and a variety of lubricant or other dispenser tip width (d) is given in Table 1 below. As seen, tbe 

hydrophobic Alms that may be applied to the support sur- volume of tbe bead ranges between 2 pi to 2 nl as the width 

face. size is increased from about 20 to 200 /im. 

Initially, the dispenser is loaded with a selected analyte- 55 

spcdiiL- reagent suluiiun, such as by dipping the dispcxBser TABLE 1 
tip, afler washing, into a solution of the reagent, and 
aUowing filling by capillary flow into the dispenser channel. 
Tbe dispenser is now moved to a seleaed position with 
respect to a support surface, pladng the dispeoser tip 
duectly above tbe support-surface position at which the 
reagent is to be deposited. This movement takes place with 
the disper»cr tip in its raiwd poRitinn, 5een in RCi. 2 A, 

where the tip is typically at least several 1-5 mm above the ai a given lip size, bead vohime can be reduced in a 

surface of the substfaie. 65 coou^Ucd fashion by iocrcssii^ surface bydrophobkaty, 

U^th the dispeoser so positioned, solenoid 22 is now reducing time f contact of the tip with the surface, ioaeas- 

aaivated to cause the diq>eiiser tip to move npklly toward ing rate of movement of the tip away from the surface. 
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and/or incitasing tbc viscosity of tbe medium. Docc these Solenoid 76 is UDckr the comrol of a cootrol unit 77 whose 

parameters are fixed, a selected dcposiiioD volume io the penti n will be described below. The sdeooid is also 

desired pi to ol range cu be achieved in a rcpcauWc rcferxed to herein as disusing means for moving ibcdevisx 

fashion tapping engagement with a suppon. when the device is 

After depositing a bead at one sdcacd location on a 5 positioned at a defined amy position with respect to that 

support, the tip is typicaliy moved to a oonesponding support. 

position on a second support, a diopUt is deposiied at that The dispenser device is carried on an aim 74 uiiich is 

position, and this process is repeated uniil a liquid droplet of threadedly mounted oo a ^-orm screw 60 driven (routed) io 

the reoEect has been deposited at a selected position on each a desired direction by a stepper nxitor V2 also under tbc 

of a plurality of supporu. coouol of unit 77. At iu left end in the figure screw 80 is 

Hie UP is then washed to remove the reagent liquid, fiUed carried in a .slcxve 84 fdf muticm abcHit the screw txis. At 

with another reagent liquid and this rtagem is now deposited its other end. the screw is mounted to the drive shaft of tbe 

at each anolberTnay position on each of the supports, in one weppcr motor, which in turn is earned oo a sleeve 86. The 

embodiment, the tip is washed and refiUed by tbe steps of (i) dispenser device, worm screw, the iwo sleeves mounting the 

dippinft tbc capillary channel of the device io a wash " worm screw, and the stepper motor used in moving the 

solution, (ii) removing wash aoh«ioo drawn into the capil- device in the (horizontal) direction in the figure form 

UrychalmcU and (iii) dipping the capiUary channel into the what is referred to hcit collectively as a di^lacement 

nc»' reagent sohition. assembly 86. 

From the foregoing, it will be appreciated that the The dis^Uirmcni assembly » eutartruaal to protluo: 

fwee7ef%-1ike, opcn^pniarv dispcnwr tip prrrvtdes the ^* precise. inicTO-ringc rooxxmcni in tbc direction of the screw, 

advantages that (0 tbc open channel of the lip faciliutcs i-e.. along an x axis in the figure. In ooe mode, the assembly 

rapid efficient washing and drying before reloading the tip funaions to move the dispenser in x-axis increments having 

with a new reagent, (ii) passive capiflary aaion can load the » selected distance in the range 5-25 >aa. In another mode, 

sample direcQy from a standard micro^xD plate while the dispenser unit may be mo\-cd in precise x-axis mere- 

relaiW«ffi«"^««»P^«'**^***P^"P*"^'^'^^ several microns or more, for positionmg tbe 

the printing of numerous arrays, (iiO open capillaries are less dt^iwer at axMidated ptwitions on adjacent nipports ms 

prone to clogging than closed capillaries, and (iv) open will be described below. 

capillaries do not require a perfectly faced botuun surface The displaeement assembly, in mm. is mounted for move- 

for fluid delivery. „ in the •y' (vertical) axis of the figure, for positioning 

A portion of a miwoarray 36 formed on tbe surface 38 of ^ the dispenser at a sclcaed y axis position. The strucmre 

a solid support 40 in accunlamx with the method just mounting tbc assembly inchides a fixed rod 88 mounted 

described is shown in RG. 3. Ihc array is fonncd of a rigidly between a pair of frame bars 90, 92. and a wonn 

pluralitv of analyte-spedfic reagent regions, such as regions screw 94 mounted for rotation between a pair of frame bars 

42 where each region may inchide a different analytc- 96. 98. The worm .screw \s driven (muied) by a juepper 

specific reagent As indicated above, tbe diameter of each * motor 100 which operates under the control of unit 77. The 

region is preferably between about 2t)-20U aai. Xht spacing motor is mounted on bar 96. as shown, 

between each region and its closest (non-diagonal) neighbor. The structure just described, including worm screw 94 

mea.%ured fmm center-in-center (indicated at 44). is prefer- sod motor 100. is construaed to produce precise, micto- 

ably in the range of about 2fM00Aim. Thus, for example, an ^ range movement in the direction of the .screw, ix., along a 

anay having a center-to<emer ^>acing of about 250 /on y axis in the figure. As above, the structure funaions in ooe 

contains about 40 regionvcm or 1,600 regions/cm^. After mode to move tbe dispenser in y.axis increments having a 

formation of tbe array, the support is treated to evaporate the selected distance in the nngc 5-250 /an, m6 in a second 

liquid of the droplet forming each region, to leave a desired mode, to move the dispenser in precise y-axb increments of 

anay of dried, relatively flat regions. This drying may be several microns {jm) or more, for positioning tbe dispenser 

dooe by heating or under vacuum. at associated positions on adjacent supports. 

In some cases, it is desired to first rehydrate tbe droplets The displacement assembly and struaure for moving this 

containing the analyte reagents to allow for more time for assembly in the y axis are referred to herein coUeai%'e]y as 

adsorption to the solid support. It is also possible to spot out positioning means for positioning the dispensing device at a 

the analyte reagents in a humid environment ki that droplets selected amy position with respect to a support, 

do not dry until the arraying operation is complete. A holder 102 in the apparatus funaions to bold a plurality 

ni. Automated Apparatus for Forming Axnys of supports Mich as .supports 104 on which the micmarrays 

In another aspect, the invention includes an automated of reagent regions are to be formed by tbe apparatus. Tbc 

apparams for fi)tming an array of anilyte-assay regions on bolder provides a number of recessed slots, such as slot 106, 

a solid support, where each region in tbc array has a known 55 which receive the supports, and position them at precise 

amount of a selcaed. analyte-spedfic reagent seleaed positions with re^t lo the frame bars on which 

Tlie apparatus is shown in planar, and partially schematic the dispenser moving means is mounted, 

view in FIG. 4. A dispeiHcr device 72 in the apparams has At noted above, the control unit m the device functions to 

the basic constniaion described above with respca to FIG. aauatc the two stepper motors and dispenser solenoid in a 

1 and includes a dispenser 74 having an opcn<apillary 6L> sequence designed for automated operation of tbc apparams 

channel tenninating at a tip. substantially as shown in KIOS. in fonning a selected microarray of reagent regions on each 

1 ttd 2A-2C. of * plurality of supports. 

Jbt dispenser is mounted io tbc device for movement The control unit is consinicted, according to conventional 

towanl and away from a dispensing position at which the tip micropiocessor control principles, to provide appropriate 

oflhc dispenser ups a support surface, to di^ensc a selected « signals to each of the solenoid and each of the stepper 

volume of reagent solution, as described above. This move- motors, in a given timed sequence and for appropnau 

ment is effected by 1 solenoid 76 as described above. signalling time. Tbe constru a ion of the unit, and the settings 
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that arc selected by the user to achieve a desired array 'J^e consiructioo of substrate is shown cross-ftectiooaUy 
paitem. will be uodeniood from the following descr^tioo of in FIG. U. which is to enlarged seaiooal view ukeo along 
a typical apparatus operation. view hoc 124 to FIG. 9. The substrate includes a water- 
Initially, ooe or more supports arc placed io ooe or more impenneablc backifiig 126, such as a glass slide or rigid 
slott in the bolder. The dispenser is then moved to a position 5 polymer sheet. Formed on the surface of the backing is a 
directly above a well (not shown) coauining a solution of water-permeable film 128. The film is formed of a ponnis 
the first reagent to be dispensed on the support(s). The membrane material, wch as nitmcellulnKc membrane, or a 
dispenser solenoid is actuated now to lower the dispenser tip porous web material, such as a nylon, polypropylene, or 
into this well, causing the capillary channel in the dispenser PVDF porous polymer material. The thickness of the film is 
to fill. Motors 82, 100 are noA' aauated to position the preferably between about 10 and 1000 The film may be 
dispenser at a selected amy position at the first of the applied to the backing by graying or coating un cured 
supports. Soleouiil auuJiiun uf the iHiipcmcr i» then cllcc- material on the baddng. or by applying a preformed mem- 
tive to di^nse a seleaed*vohune droplet of that reagent at brine to the backing. The backing and film may be obuined 
this k>cation. As noted abo\'e, this operation is effective to as a preformed unit from commercial source, e.g^ a plastic* 
dispense a selected vohimeprefenbl>' between 2 pi and 2 ol backed nitroocDulose fiho aviihble from Schleicher and 
of the reagent solution. Sdsuell Corpuratxm. 

The dispenser is oow moved to the corre^oding position continued reference to FIG. U, the film-covered 

at ao adjacent support and a similar vohime of the sohitioo surface in the substrate is partitioned into a desired amy of 

is dispensed at this position. The process is repeated until the ^ water-impermeable grid lines, such as lines 130, 

reagent has been dispensed at this preselected corresponding ^* infiltrated the film down 10 the level of the 

pmitinn on each of the wppom. » badung, and extend above the surface of the film as shown. 

Where it is desired to di5pec«e a single reagent at more * ^^'^^ of 100 to 2000 ^ above the film 

than two array positions 00 a support, the dispenser may be -v^* .... . , . ^ ^ , r , 

moving ibc dispenser lo t new suj^on. or »tniion cm be " " « eUsiomer soluuoa 

dispensed ai individu.1 positions on e^b snppon. tl one " » « «»y «n<UUa«ng the im^^^ 

sel^ posiiion. iben the cyde repeated for ei^new «ray ^ ^TIIL , " "I^""^ 

~g^^ mg the gnd lues to ionn the cell^iy sufaotraie. 

r"—™" • • J One preferred maieiiil for (be grid is a flowaUe sflioooe 

To d«pen»e d« next r«gent. the dspenser s poBUoned .^^^.^ Locti^ CorporatioS^e b«rier m.i«Ul 

over a wash sohiuon (oot sbownX and the dispenser tip is „ ,_ j_i . „,Jl1. / W . 

dipped in and oot of this solution until the reagVnt sohibon * ^Tr l-^ ^ sy-We (c-g-. 22 gauge) us.og 

h^en Ribsuatially washed fion. the tip. Solution can be [^^^TJ^J ^^f^J^"^ « 

, r .1^ r. I - relauve to the solid support to prmi the bamer elemenu as 

removed from the tip. after each by v.oium, , grid pattern. The en^A^i beid of silicone wicks"^^^^^ 

compressed atr spray, s^^^^ cures to form a sSaU^ 

The dispenser up is now dipped >n a sccoik) reagent well 33 waterproof barrier separating the regions of the solid sup- 

and the filled t^ is moved to a second seleaed amy position r o r 

in the first support. The process of dispensing reag«ii at each i„ ^^crnaUve embodiments, the barrier element can be a 

of the contspondmg secood-anay posiuons is tisen earned w«4>ased material or a thermoset material such as epoxv. 

out as above. TTus process is repeated until an entire The barrier maurial can also be a W-curing polymer wtti 

micioamy of reagent sohauons on each of the supports has ^ ^, ^ y^^, ^^^^ primed onto the «.ltd 

been formed. support. The barrier material may also be applied to the solid 

rV. Microamy Substrate suj^ort using printing techniques such as silk-scrcen print- 

This section describes embodiments of a substrate having ing. The barrier material may also be a beat-seil stamping of 

a microamy of biological polymers carried on the substrate the porous solid suppon which seals its pores and forms a 

surface. Subsection A describes a multi-cell substrate, each 45 water-impervious barrier element. Ihc barrier material may 

cell of which cuouimi « microamy. and prefersbly an also be a shallow grid which is laminated or otherwise 

kicntical microamy, of distinct biopolymers, such as dis- adhered to the solid support. 

tina polynucleotides, formed on a porous surface. Subsec- in addition to plasuc-backcd nitrocellulose, the solid 

tion B describes a microarray of disina polynucleotides support can be virtuaUy any porous mcmbraoc with or 

bound on a glass slide coated with a polycationic polymer. 50 without a non-porous backing. Such membranes arc readily 

A. Multi-Cell Substrate available from numerous vendors and arc made from nybn. 

FIG. 9 illustrates, in plan view, a substrate 110 cottsuucted PVDF, polysulfone and the like. In an alternative 

according to the invention. The substrate hu an 8x12 embodiment, the barrier element may also be used to adhere 

recungular anay 112 of cells, such as cells 114, 116, formed the porous membrane to a non-porous backing io addition U> 

on the subsvate surface, ^bretereoce to FIG. 10, each cell, 55 functioning as a barrier to prevent cross oootaminatioo of the 

such as cell 114, in turn supporu a microamy 118 of distinct asuy reagents. 

hicrpiilymerN, Nuch ss ptilypcpUdcs cir pcilyruclecuidex at In an alternative emhtxlimcnu the siiliU support can he of 

kntTwn, addressable regions of the microanay. Two such a oon-porous material. The barrier can be printed either 

regx>ns forming the mkroamy are indicated at 120, and before or after the microarray of bx)molecules is printed 00 

correspond to regions, sucb as regions 42, forming the w the %o\id suppon. 

micioamy of distinct biopolymers shown in FIG. 3. As can be appreciated, the cells formed by the grid lines 

The 96-cell amy shown in HG. 9 lypicaUy has amy and the underlying backing are water-impermeable, having 

dimensions between about 12 and 244 mm in width and 8 side barriers projecting above the porous film in the cells, 

and 400 mm in length, with tbe cells in the amy having Thus, defined-volume samples can be placed in each well 

widtb and length dimension of ¥12 tod Va the anay width and C5 without risk of cross-conumioation with sample material in 

kngth dimensions, respectively, i.e., between about 1 and 20 adjacent cells. In FIG. U, defined volumes samples, sucb u 

in width and 1 and 50 mm in length. umple 134, are sho«'n in the cells. 
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As ooted abcnt, eacb wel] ooouios a mieroarray of *ib fonn tbe micioamy, defined voluscs of disUDCi 
distiDCt biopolymen. Id one geoeral embodiffieoit tbe polynuckoiides m deposited oo tbe po)yxDer«coaied sUde, 
mioomays in ibc well arc idcmical arrays of distinct u dcsadxd io Sectioo D. According t ao tmponut feature 
biopolymm, e.g., different sequence polynucleotides. Sucb of tbe subsuitc, tbe deposited polynucleotides remain bound 
arrays can be forxned in acooidaoce witb the methods 5 to tbe eoated slide surface ooD<ovtieotly when u aqueous 
described in Section 11. by depositing a fitsi aekaed poly* DMA sample is applied to tbe cobsirate under cooditioos 
nucleotide at tbe same selected mieroamy position in eacb wbicb allow bybridizatioo of reponer-labcled polynuck- 
of tbe cells, tbeo depositing a second polyouckoiide at a otides in tbe sample to eompiemenury-sequeoce (single- 
different microarray position in eacb welL and ao oa until a stranded) polynucleotides in tbe substrate array. Tbe method 
complete, identical micfoarray is formed in eacb cell. jc is illustrated in Examples 1 and 2. 

io a preferred embodiment, eacb microarray contsins To illustrate this feamre, a substrate of tbe type just 

thiuit 10^ disiincl pttlynuclecitiae iir piil>-pcpiiUc hitipcily- described, but having ao array of same-sequence 

mcfs per surface area of less than about 1 cm^ Also in a pciiynucleiuideK, wax mixed with nuureMxnt-laheled 

preferred embodiment, tbe biopolymers io escb microarray complementary DNA under hybridization cooditions. After 

region are present in a defined amount between about 0.1 ]s wubing to remove non*bybridized material the substrate 

femtomoles and 100 nanomoles. Tbe ability to form high- was examined by low^wer fiuoresceooe microscopy. Tbe 

density arrays of biopolymers, where each region is formed amy cu be ^'isuaIized by tbe relatively uniform labeling 

of a well-defined amount of deposited material, can be pattern of tbe array regions. 

achieved io accordance witb tbe microarray-fiorming metbod lo a oreferrtd embodiment, each microarray contains at 

dcscrd>cd in Section 11. 20 least lOr dtstioct polynucleotide or polmptide biopolymers 

Also in a preferred embodiment, the biopolymers are per surface area of leas than about 1 cmf In tbe embodiment 

polynucleotides having lengths of ai least about 50 bp, Le., shown in FIG. 5, tbe microarray contains 400 regions in ao 

subsuniially longer than oligonucleotides which eu be area of ahitui 16 mm^, tw 2-SxlO^ rcgitmx/'cm'. Abci in a 

formed in higb-density arrays by schemes involving parallel. preferred embodiment, tbe polyntideotides in each microar- 

siep-wise polymer syntbests 00 tbe amy surface. 2s ray region are present in a defined amount between about 0.1 

lo tbe case of a polynucleotide array, in an assay femtomoles and 100 nanomoles in ibe case of polynude- 

procedure, a small volume of the labeled DMA probe mix- otides. As above, tbe ability to form high*<leoBiiy amys of 

nire in a sundard b>'bridization solution is loaded onto each this type, where each region is formed of a well-defined 

cell. The wiluiiiin will spread U> niver the entire miuniamy amount of deposited material, can be achieved in aocordanoe 

and stop at the barrier elements. Hk solid support is then x witb tbe mieroarray-formiog method described in Seaion Q. 

incubated in a bumid chamber at the appropriate temperature Also io a preferred embodiment, the polynucleotides have 

as required by the assay. lengths of at least about 50 bp, i.e^ subsuntially longer than 

Each assay may be conduaed in an "open-face" format oligonucleatides wfaict can be formed in h2gh*<ieosity amys 

where 00 further sealing step is required, since tbe hybrid- by various in sini synthesis schemes, 

izatioo solution will be Icept properly hydrated by the water 35 V. Utility 

vapor io tbe bumid chamber. At tbe coodusioo of the Miooarrays of immobilized oudeic acid sequences pre- 
incubation step, the entire solid support containing the pared in accordance with the invention can be used for Urge 
numerous miooarrays is rinsed quickly enough to dilute the scale bybridizatioo assays in numerous genetic applications, 
asMv reagents so tbal ou signiiicant auss cuniaminaiion including genetic and physical mapping of genomes, mooi- 
occurs. The entire solid support is then reacted with detec- 40 loring of gene expression, DNA 9«cqucncing, genetic 
tioo reagents if Deeded and analyzed using standard diagnosis, geooiyping of organisms, and distribution of 
calorimetric, radioactive or fluorescent detection means. AD DNA reagenu 10 researchers. 

processing and detection steps are performed simuha- For gene mapping, a geoe or a cloned DNA Crtgmeiu is 

neously to all of tbe fmcroarrays on the solid support hybridized to an ordered array of DNA fragments, and tbe 

ensuring uniform assay conditions for all of the microarrays 45 idemity of tbe UNA elements applied to the array is unam* 

on tbe solid support. biguously established by tbe pixel or panero of pixels of tbe 

B. Glass-Slide Polynucleotide Amy amy that arc detected. One application of such arrays for 

FIG. S shows a substrate 136 formed according to another creating a genetic map ts described by Nelson, et al (1993). 

aspea of the invention, and intended for use in detecting In constructing physical maps of tbe genome, amys of 

binding of labeled polynucleotides to one or naore of a 50 immobilized cloned DNA fragments are hybridized with 

phirality distina polynucleotides. Tbe substrate inchides a other cloned DNA fragments to establish whether the cloned 

glass substrate 138 ba\-ing formed on its surface, a coating fragments in the probe mixture overlap aod are therefore 

of a polycaiiooic polymer, preferably a cationic polypeptide, cootiguous to the immobilized clones on tbe amy. For 

sucb as polylysine or polyarpnine. Formed on tbe polyca- example, Lebracfa, et aL. describe such a process, 

tionic coating is a microarray 140 of distinct S5 The amys of immobilized DNA fragments may also be 

polynucleotides, eacb localized at known selected amy used for genetic diagnostics. To illustrate, an amy conuin- 

regiins, such as regions 1 42. ing multiple Urrms cif a mutaicsd gene or genoi can he probed 

Tbe slide is coated by placing a uniform-thickness film of witb a labeled mixture of a patient's DNA which will 

a polycationic polymer, e.g., poly-l-lysine, on the surface of preferentially imeraa witb only ooe of the immobilized 

a slide and drying tbe fihn to form a dried coating. Tbe Hi vemons of the gene. 

amount of polycationic polymer added is sufficient to form The deteaioo of this interaction can lead to a medical 

at least a monolayer of polymers on tbe glass surface. *llie diagnosis. Anays of immobilized DNA fragments can also 

polymer film is bound to surface via electrosutie binding be used in DNA probe diagnostics. For example, tbe identity 

between negative silyl-OH groups 00 tbe surface aod of a pathogenic microorganism can be csublished tuam- 

charged amine groups in the polymers. Poly-l-lysine coated cs biguously by hybridizing a sample of the unknown patbo* 

glass slides may be obuined commercially, e.g., from Sigma gen's DNA lo ao array containing many types of known 

Qtemiol Co. (Sl Louis, Mo.). pathogenic DNA. A similar technique can also be used for 
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uoambiguous geootypiag f any orgaaism. Ulfaer molecules rtt £Dllowins examples iUustnte. but in do way are 

of genetic ioteresu >ucb as cDNAs and RNAs cao be iDtesded to limit, ibe present io\-eotion. 

immobilized oo ibc array r alternately used as tbe labeled ampi y 

probe mixture that is ippHcd lo the array. hMMTLL I 

Id one appUcation. an array of cDNA dooes reprcseminc 5 Gcnomic-Complcxiiy Hybridization lo DNA 

genes is hybridized with totil cDNA fom an oiganism to Miooamys Representing tbe Yeast Saecharomyces 

monitor geoe expression for rcsearcb or diagnostic purposes. cemisiae Genome with l^voOtlor Fluorescent 

Labeling tout cDNA from a normal cell witfa one color Deteoion 

fluoropbore and total cDNA from a diseased ccU with _ , ^ t .-^ ^ 

another color fluoropbore and simuliaoeously hybridizing jo i"*^ * ^""!*, "^^'f ^mphhtd PCR 

iTtwo cDNA samples lo tbe same arr.y of cDNA done, ^^""^'^ " products ustng physically mapped 

aUo«^ for diffcienual gene expression to be measured is the '^^'^^{f -^J^"" " icmpUi^ 

ratk. c»f the two nuontphcrT intensities. Ih^ tw.MX.k.r ^ ^ ^« J^domKd directly on tbe 

experiment can be used lo monitor gene expression in P?"«* *y«^ man amplification of both 

dSereni tissue types, disease states, response to drugs, or 15 '^^^ ^ .^"^^ ^ J* yeast msen 

response to en^rwimcmal faaors. An example of this 'tSf^f^^S^'^^icfwiV""^ datribution of PCR 

appmadi is ilhistnied in Example 2. described with respect ^^"^ b«e pairs m length, l^e PCK 

^y^^ g product u-as purified usmg Sepbadex G50 gel filiratioo 

Bv way of example aod without implying a limiuuoo of C*>?*"n*°»- Piscataway, N J.) and concentrated liy evipcv 

scoii, sud) a pro«dure could be used lo simultaneously 20 todijocssit room tctrxpcramrc 

sae» many patients against aU known muutions in a fl/??^"' Umbda dooes was rebydrated in 15 m1 of 

disease gene, "n^invention could be used in the form of, for » preparaooo for spottmg onto the glass, 

example. 96 idemieat 0.9 cinx2.2 cm micniarnys fabricated miooarrays were fabncated on microscope sbdcs 

on a single 12 cmxlS cm sheet of plastic-backed nitrocel- coned with a Uyer nf poly-l-lysunc (Sigmi). TIk 

hilose where each miaoarray could contain, for example, 25 *«i«n"ed apparatus described in Section HI k>aded 1 ^ of 

100 DNA fragmcnis reprcsentii^ aU known mutations of a ^« concentrated lambda ctone PCR product in 3xSSC 

given gene. The region of interest from each of the DNA "^^^V ^ ^^^^iKc ^ open capillary 

samples from 96 patients could be amplified, Ubeled, and pnnting clement and deposited -5 nl of sample per slide at 

hybridized to the 96 individual arrays with each assay 380 mjcron^idng between spots, on each of 40 slides. Tbe 

performed in 100 microliters of hyforidizatioo solution. Tbe Jo P««" repeated for all 864 samples and 8 control ipou. 

approximately 1 thick silicone rubber barrier dements After the spotting opention was complete, the slides were 

between individual arrays pieveDt cross-contamination of rebydrated in a humid chamber for 2 hours, baked in a dry 

tbe patient sampla by sealing tbe pores of tbe nitroceUulose ^ vacuum oven for 2 hours, rinsed to remove unabsorbed 

and by acting as a physicdbanier between each microarray. and then ueated with succinic anhydride tn reduce 

Tbe solid support ^mtaiping all 96 miooarrays assaved with 35 oon-spccific adsorption of the labdcd hybridization probe to 

the 96 patient samples is incubated, rinsed, detected and poly-l-lysinc coaicd glass surface. Immediately prior to 

analyzed as a single sheet of material using standard immobilized DNA on the array was deoanued in 

radiiaaive, fluorescent, or cotorimetric detection means <i»uUcd water at 90* for 2 minutes. 

(Maniatas, et aL, 1989). Previously, sucb a procedure would Tor tbe pooled chromosome cxperimenu the 16 dxromo- 

involve the handlir!g.pnxx»ting and tracking «r 96 jicparatc <o somes of Saeeharvmyecs cerevisiae were separated in a 

membranes in 96 separate sealed chambers. Dy processing CHEF agarose gel apparatus (Biorad. Richmond, Calif.), 

all 96 arrays as a single sheet of material, significant time The six largest chromosomes were isolated in one gel slice 

and cost savings ate possible. aod the ten smallest chromosomes in a second gel slice. Tbe 

The assay formal can be reversed where tbe patiem or DNA was recmertd using a gel extfaction kit (QUgcn, 

organism's UNA is immobilized as tbe array elements and 45 Chatwojrth, CdiT.) The two chrumosomc pools were rao- 

cacb array is hybridized with a different mutated allde or domly amplified io a manocr similar to that used for the 

genetic marker. Tbe gridded solid suppon can also be used lambda dooes. Following amplification, 5 micro- 

for parallel non-DNA EUSA assa>'s. Furlhcrmore, the of e*cb of the ampUfied chromosome pools were 

inveniwn allows for tbe use of aU standard detection meth- separately raodom-primcr labeled using Klenow pol>Tncrasc 

ods without the oeed to remove the shallow barrier elements 50 (Amershom. Arlington Heights, 111.) with a lissomine 000- 

to carry out the detection step. jugaied nucleotide anatog (Duponi NEN, Boston, Mass.) for 

In addition to tbe genetic applications listed above, arrays <^ containing the s\t largest chmmasomts and with a 

of whole cells, peptides , enzymes, antibodies, antigens, fluorescein conjugated nudeotidc analog (BMB) for the 

receptors, iigands, pbosphoUpids, polymers, drug cogener pa>l conuining ten smallesi chromosomes. Tbe two pools 

preparatbns or chemical sufastaoces can be fabricated by the ss mixed aod concentrated using an uhrafiltratioo device 

means descrfced in this invention for Urge scale screening (Amicon, Dan vers, Mass.). 

a.sMyK in medical diigiKKtitSs drug disaivery. molecular ri>>e microgratns of tbe hybridization probe consisting of 

biology, immuix)logy and toxicology. hoth chromosome pools in 7^ >d of TE was denatured in a 

The multi-cell subsuate aspect of the invention allows for boiling water bath aod then snap cooled 00 ice. 2^ of 

tbe rapkl aod convenient screening of many DNA probes 6l> coocentrated hybridization solution (SxSSC and 0.1% SDS) 

against many ordered arrays of DNA fragments. Tltiselimi- was added and all lU /d transferred to the anay surface, 

nates tbe need to handle and detect many individual arrays covered with a cover slip, placed in a custom-built single - 

for performing mass screenings for genetic research and slide humidity chamlxr and incubated at 60* for 12 hours, 

diagnostic applications. Numerous microarrays can be fab- The slides were then rinsed at room temperature in O.lxSSC 

ricatcd on tbe same solid support and each microarray C5 and 0.1% SDS for 5 minutes, cover slipped and scanned, 

reacted with a different DNA probe while the solid suppon A custom built laser fluorescent scaimer was used to 

is processed as a single sheet of material. detect tbe two-color hybridization signals from the 1.8x1^ 
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cm amy at 2U microD resolutioD. 'ilie tcaoDtd image wu rtaction lo a oaoDer similar to lixample 1. Kiosiog tod 

ghdded and aoalyxed nsing ciutom image aoalysis aofiwarc. deteciioa of bybhdizaiioo was also perfonoed io a mamier 

Afier oorreoiog f r optica] cnasstalk betweco tbe fluom- simflar to Example 1. FIG. 8 shows the rcsultiog bybridiu- 

pborcs due to tbcir overlapping emission spectra, tbc red aod lion paitcn of the amy. 

g«en hyWdi«iimvih.«to«cbdo«Mihe «^ i g«« equ.Uy expre««J in wild type «,d a« «nsg«mc 

eoneUied 10 the )cna^ ph>«.l B.p posman ofihe do»e ^bidopS .pJeaS yellow d«e w^JcMS^f 

«5ulu«g u . «Bp«ur^ne««d color kuyiype of the ^ pJ^'S BuoraocDcr lo U« fiiul SuLTTt^" 

yeast gcoome. ^ different intensities of vellow indicating vahoias levels of 

HG. 6 sbow tbc hybridiation pattern of tbe two chio- expression. The cDNA done feptesentinc the tnn- 

mosome pools. A red signal indicates that tbe lambda clone 30 ^^^^^ „ AT4. ezpre»ed in the inwgeoic line of 

on the amy surface contains a cloned genomic DNAseg. Arabidopsis but not deiectably expressed in wild type 

ment from one of the six largest yeast ctemosomes. Agrecn Arabidopsis, appears as a red dot (with tbe arrow poiniinE to 

signal indicates that tbc lambda clone msert comes from one iajjoung ibc prefcreniiil cxprtaKiuo uf ibc tnoicripUun 

of tbe ten smallest yeast cfaiomosomes. Orange signals i^f^r in the red-labeled transgenic Anbidopsis aod tbe 

indicate repetitive sequences which cross hybridized to both " reUiive Udc of expression of tbe transcription factor in tbe 

chromosome pools. Control spots on tbe amy confirm that greeo-Ubeled wild type Arabidopsis. 

the bvbridizarioo is specific and reproducibk. ^ ^ , ^ ' 

I.- ri. -rNvf*£^ An advinuge of the micmtrrav hyhridiTjiion fnnnii for 

T^e pbysxcal map locations of the genomic DNA frag- u k^Vk 1 11 , 

ments conuLed in each of the clones used as anav elemeras ^ ^V^^ conccmrauon of 

meai» wuimuiw m mwu - jp each cDNA specics achievable m tbe 10 microliter bvbrid- 

h.vc been p«>Mnu5l>- d«f ""'«d by O «,n .»! cr^wnrta^ » ^ eoDeem«noo ^lo^ for 

(Riles, c, d.). dlow»8 fa the .utomuc gcnmuon of ibc „^ ^ foTpS 

color iMiyotype sbo*« m RG. 7. THe eotor of . chromo- .„p,ai«uoD of ibe b^^uon pn*. wbi^^.y^i 

»B.l secnoD 00 tbe luryotype "najonds u, ibe color of «p,«cnuuon of eicb diweie cDNA spedS^ 

the amy element conummg the done from that secuon. The * ^ 

blad: regions of tbe karyotype represent false negative dark ^ eKprexsitin Mudte^ such «i tho«c uin he ased fur 

spots on tbe amy (10%) or regions of the genome not genomics research to discover which genes are expressed io 

covered by the Olson clone hVary (90%). Note that the six ^ich cell types, discsse suics, development sutes or 

largest chromoGomcs are mainly red wbOe tbe ten smallest eovironmeoul conditions. Gene expression sntdies can aho 

chromosomes are mainly green, thus matching tbe original he used for diagnosis of disease by empirically correlating 

CHEF gel iaidlaiiun uf the bybriilLuiiun ptube. Areas uf the ^ geoe ei^ressioo paitens to disease sutes. 
red chromosomes coouining green spots and vice^rsa arc 

probably due to spurious sample tracking errors in the EXAMPLE 3 
formation of tbe original ld>rary aod in the an^lification and 

spotting procedures. Multiplexed Colorimctric Hybridizatioo on a 

Ibe yeast genome amys have also been probed with ~ Gridded SoUd Support 

individual clones or pools of clones that are fluoresccntly ^ ^ . ^ . . 

UbeJed for physical mapping purposes. Tht hybridization ^ ^ ****** plt»i»c^ed mtroceUalose was gridded with 

signals of these clones to tbe amy were translated into °**^* ^^'^ according to tbe 

po*itior» on the phv^ical map of the yeast genome. ^ ??TcP^°."'«^''°f ° i ^ ^^"^ 

' J . I / 6 4P lOxSSCandaltowed todry.AssbowninFIG.12,192M13 

£XAMPI£ 2 elopes, each with a different yeui insetu were amyed 400 

micnmx apart in four (luadranu^nf the Milid xuppiiri aKing lhc 

Total cDKA Hybridized to Micro Arrays of cDNA automated device described in Section III. l^ie bottom left 

Qones with Two*Color Fluorescent Detection quadraot served as a negative control for hybridization, 

^ , , -^^.^ . . ^ *^ wbiic each of tbe oibcr three quidnnis was bybridized 

Twtffly-foiir clones coouuung cDNA ii«rts &on. tbe .i^h««,usly wiih . different oligoDudeotide ttsing the 

pUm A«b|A^B were Mmpb&^ usmg KM- 1*H .dded j^, bybridiauoo leeboologv described m Secboo 

3ASC TTie cDNA clone* wen spotted on p^y-».l,,,ne c*Jo,iinelric dcieaion step, 

coated micnssoopcsLdcsm a manocr similar to Example 1. $o 

Among the cDNA clones was a clone representing a Iran- oligonucleotides were labeled «ith fluorescein, 

scription faaor RAT4, which had previously been used to which was deteaed using an anii-fiuoresceio antibody coo* 

create a transgenic line of the plant Arabidopsis, in which jugated to alkaline pbo&pbatase that precipitated an NBT/ 

this gene is present at ten times the level found in wild-type BGP dye on tbc solid support (Amersbam). Perfea matches 

Arabidopsis (Schena, et aL, 1992). 55 beiwceo tbe bbeled ohgos and the M13 clones resulted io 

Total poly.A mRNA from wild type Arabidopsis was *P°^ ^^*^** ^ ^ n*^*^ dcieaed using an 

is»Uied using »aandanlmclhiKk(Maniatisctal, 1989) and °P"^*^ ^*^*' "^^*** ^ * personal 

reverse transcrfced into total cDNA, using a fluorescein computer. The hybndiiaiioo patterns are different in every 

nucleotide analog to Ubel tbe cDNA product (green q^drant indicating that each oligo found several unique 

fluorescence). A similar procedure was performed with the w ^ 1^ • P*'^"^* «^uc«* 

tramgenic line ofArabidopsis where the transcription factor ^^'* ***** ^P*° capUlary prmung tip leaves 

HA14 was inserted into the genome using standard gene detecuble dmiples on the nitrocellulose which can be used 

traiBfer protocols. cDNA copies of mRNA from the irai»- automatically align and analyze the images, 

genie plant are labeled with a lissamine nucleotide analog Although the invention has been described with respca to 

(red fluofcsccocc). Two micrograms of tbe cDNA products 63 specific embodiments aod methods, it will be dear that 

from each type of plant were pooled together and hybridized various changes and modificatioo may be made without 

to tbe cDNA clone array in a 10 microliter bybridization departing from tbe invention. 
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NMe cUim: nucleic acid stnods aod wtercio steps (a) and (b) arc 

1. A method of formiog a microamy of discrete aoalyte* ttpeated uotil tbe micmamy has about 100 or more discrete 
aasiy regjoos o a solid suppon, where each discrete regioo regsoos of disuact oudcic add straods per cs^ of solid 
ID the microarray has a selected, aoalyu-specific reagcni, support 

said method comprising, i 3. The method of claim 1, wherein tbe reagents used to 

(i) loading an aqueous solution of a aelecud anahne- ^™ ^ discreu regions in the micioamy are distinct 

soedfic reaceni in a reaeent-dispensiflG device haviu ■^'^ '^"^ *^ ^-hcr^m Mep^ (i) and 0') 

of the rTagem «lu2>n and haviaT* tip region aT which ^1^^ "^"^ 

the solution in the channel fonns a meniscus, « 

• I- • J- • -.J~LL r-i 4. m method of claim 2, wbcrem the Channel IS open- 

(b) tappmg tbe up of the dispensmg devtee against a solid 

support at a defined position on the siirfaee, with an s/jbt method of claim 3. wherein the channel is open* 

impulse eHecUve lu break the meniscus tn the capillary sided. 

channel and deposit a selected vohune between OXm Tte method of daim 4, wherein the %«lume is between 

and 2 nl of sohiuon oo the surface, and " ^ ^ 

(c) repeating steps (a) and (b) until said microazray is ribcmcthodofclaimS. wherein the volume is between 
formed. 0.002 and 0.25 nl 

2. Tbe method of claim 1, wberein the reagents used to 

form the discrete regions in tbe miczoarray are distinct • • • • » 



